Geographical Information Systems (GIS) -computer systems which combine database functionality with information about location -have existed for several decades. These systems were initially employed to enable quantitative data to be located, mapped and spatially analysed, with much of the early scholarly work being driven by the quantitative requirement of environmental scientists. Typically, traditional forms of GIS software were both expensive and relatively difficult to use. More recently, however, other related geographical technologies -such as Google Maps and Google Earth, both of which are not strictly full GIS software packages but clearly allow users to visualise and explore geographical data -have become widely accessible and, by extension, have democratised digital map-making practices. This proliferation of geographical technologies has unfolded, of course, alongside the growth of digital archives and libraries. A core question, then, is how scholars, working across and between multiple disciplines, can harness the functions of extant and emerging geographical technologies to facilitate the spatial understanding of digitised material. In this paper, we sketch out the potential for using geographical technologies as innovative research tools within the arts and humanities with especial emphases on the history and literature of the Victorian period. This introduction stresses methodology and this is inevitable at this stage of the development of the field. It is, however, important to remember that the full research potential of GIS will only be substantiated through the articulation of significant scholarly findings and outputs.
The field of historical GIS began to emerge around the year 2000. 2 Given the quantitative foundations of GIS technology, it is perhaps unsurprising that the initial developments in this field were primarily predicated upon the mapping and spatial analysis of quantitative sources using social science approaches. Even at this nascent stage, however, it was clear that geographical technologies opened up research strategies which could be applied to a heterogeneous range of sources in a wide range of fields of historical research: from urban history 3 to environmental history 4 ; from historical demography 5 to transport history. 6 Much of this early work in historical GIS reflected on the mappability of data and celebrated the potentiality of the available technologies; 7 and significant resources were directed towards the creation of datasets -for example, various national historical GIS projects -that would provide platforms for further research. 8 Over the course of the 2000s, though, historical GIS evolved and matured. By the latter part of the decade, and in the early years of the 2010s, the emphasis shifted to applied research which focused on using geographical technologies to facilitate contributions to knowledge within different, sometimes intersecting, fields of quantitative history. This new research was increasingly labelled spatial history rather than historical GIS: an evolution in terminology which foregrounded a conscious shift in emphasis away from the technological. 9 If geographical technologies were exclusively applied to quantitative history, however, then, patently, their potentiality would remain intellectually circumscribed. Although historical GIS has been dominated by the spatialisation of quantitative information, there were also early attempts to apply its methodologies to less data-rich sources. 10 Over recent years, there has been a growing realisation of the potential to use geographical technologies to map out qualitative historical material and, by extension, the qualitative 'data' which preoccupies researchers across the arts and humanities. Perhaps the most forceful advocacy of this research has been articulated by David Bodenhamer, John Corrigan and Trevor Harris who have collectively called for the development of the spatial humanities. Their shared aim is to "revitalize and redefine scholarship by (re)introducing geographic concepts of space to the humanities" 11 ; and, as a result, their work can be seen to feed off, and back into, the widespread spatial turn across the arts and humanities. 12 Crucially, however, their vision of the spatial humanities is inextricably linked to GIS: they call for greater application of geographical technologies across the disciplines; and, simultaneously, they argue that GIS technology itself requires significant redevelopment and refinement in order to maximise its scholarly potential. A key concern which underpins the spatial humanities, therefore, is how geographical technologies can be used to manage, manipulate, visualise and analyse the geographies embedded within texts. By extension, the spatial humanities are concerned with the ways in which such technologies can allow us to explore the geographies within the large corpora which are increasingly prevalent in the digital age.
The spatial humanities, then, is underpinned by both methodological and intellectual lines of enquiry. In one sense, the field necessarily involves engaging with the challenge of developing computational techniques appropriate for handling the geographies represented in large-scale corpora. Alongside this, the spatial humanities involves a negotiation of the capacity of computers to summarise and present large volumes of material with the individual researcher's humanistic impulses to interpret and to inflect, to analyse and to argue. The spatial humanities, therefore, is alert to the ways in which digital technologies are opening up new scales of scholarly engagement and understanding which, in turn, allow the researcher to oscillate between the macro and the micro. How, then, might this willingness to interweave the qualitative and the quantitative, the macro and the micro, work in practice? How might the emphasis on location, which is integral to the functionality of GIS, be used to present a palimpsestic vision of particular places which draws upon a diverse range of -often seemingly incompatible -resources?
Geographical Technologies and Historical Geographies
The Victorian era saw the start of mortality decline particularly among infants and children.
The infant mortality rate for England and Wales fell from 153 deaths per 1,000 births in the 1850s to 128 per 1,000 in the 1900s. 13 From here deaths continued to fall throughout the twentieth-century to reach less than 5 per 1,000 in 2001. 14 The conventional explanation for this, which originated with the Victorians themselves, is that the decline was brought about by a series of major public health reforms including, for instance, sanitary improvements in urban areas and enhanced access to healthcare for mothers. This orthodoxy was, however, largely formed by examining national statistics or the experiences of those in the major conurbations, particularly London. 15 While there have been some attempts to reconfigure this model of understanding, the complexities of the data have meant that revisionist analyses have been almost invariably based on limited data sets: the highly aggregate data of individual counties which typically consist of both large urban centres and sparsely populated rural areas and, which, as a result, resist nuanced spatial interpretation; 16 or samples of registration districts which are difficult to contextualise. 17 The use of GIS, however, allowed data for all 630 of the registration districts in England and
Wales to be geo-referenced and mapped; and then, data from each decade from the 1850s to the 1900s to be located and explored. The geographical technology, therefore, facilitated the analysis of shifting infant mortality rates in each district over the second half of the nineteenth-century. This showed that, in rural areas in the south and east of England, infant mortality rates had started to fall well before the Public Health Acts of the 1870s and 1880s;
while rural areas in the north, the west and Wales failed to show much improvement over this period. Perhaps unsurprisingly, major urban areas generally followed the national aggregate; but, crucially, there were major variations within this. Ultimately, then, the use of geographical technologies served to undermine the orthodoxy which attributes the public health movement as the catalyst for infant mortality decline. What is more, it also problematises the dominant narrative -based upon the national aggregate statistics -to suggest that the comprehension of Victorian infant mortality rates requires an engagement with the geographies of health in at least three distinct zones -the major urban centres; the rural south and east; and the rural north and west -each of which contains, within its borders, additional complexities and further variations. 18 Through the location and integration of a fairly large database of mortality statistics, then, the GIS allowed the study to explore what happened, where and when. This, in turn, enabled the study to destabilise the existing orthodoxy of the reasons undergirding the decline of infant mortality. What this study was not able to achieve, however, was to advance a convincing explanation as to why these trends occurred. This is not a limitation of the GIS technology, but a limitation of the source data which simply consisted of raw numbers of infant deaths, births, plus a few additional statistics in fields such population density. This original data is an extremely valuable source in that it provides information on almost every birth and infant death over a sixty years period and locates those life events in both time and space. The raw data, however, is so abstracted from the material conditions in which the babies were bornand often died -that it is unable to open up possible explanations as to the causes of infant deaths and the reasons for geographical variations in mortality rates. It is not an invalid criticism, therefore, to suggest that this methodological approach is purely descriptive rather than analytical. The counter-argument, though, is that the ability to describe can be profoundly useful and, in fact, provides a foundation for further scholarly reflection. In this particular instance, orthodoxy was challenged through the geographical visualisation of statistics. Digital maps, then, many not provide answers in themselves; but, as this particular example illustrates, they can serve to open up salient research questions.
So how can we go on to formulate an explanation? Quantitative approaches based on 'explanatory' variables will not work as there are few, if any, such variables available in consistent form over the period; and, even information on such variables is present, the explanation can be critiqued for being data-led and for marginalising key issues -such as breast feeding or access to safe cows' milk -for which there will be no useful data. Yet, rich sources of information on social conditions during the second half of the nineteenth-century are available from a disparate range of textual sources including the notes accompanying the Registrar General's reports and newspapers; and, significantly, such texts are becoming increasingly accessible in digital form. Although, traditionally, such material has not been read into a GIS, the process of marrying text and map is becoming relatively straightforward.
Natural Language Processing (NLP) techniques allow for the identification of proper nounsincluding place-names -within texts. These place-names can then be matched to a digital gazetteer in order to provide -wherever possible -accurate geographical co-ordinates for the cited location. Beyond this straightforward mapping of toponymy, it is possible to draw upon research strategies used in corpus linguistics to search for key words that occur in close textual proximity to place-name references. 19 This approach thereby builds upon the quantitative to facilitate qualitative analysis of how particular places were described in large bodies of historical texts. The type of macro-mapping championed by Moretti is clearly not the only way of practising digital literary cartography, however, and a number of researchers are presently working on interdisciplinary projects which use geographical technologies to facilitate qualitative approaches to the literature of space, place and landscape: methodologies which are frequently predicated on the good, old-fashioned business of close reading. 26 In seeking to spatialise the detailed particularities of individual texts, such researchers are demonstrably involved in a deep literary mapping which is alert to, amongst other things, the dialectical ways in which outsiders and insiders articulate their respective experiences of named places.
Geographical Technologies and Literary Geographies
Moreover, such work implicitly draws attention to the representational textures and nuances which are necessarily lost in Moretti's exploratory desire to map overarching spatial patterns and forms: a preoccupation which also feeds into the 'Spatial Humanities: Texts, GIS, Places'
project. The manual and microscopic mapping of an individual geo-specific poem by Wordsworth, for instance, serves to underline the textual detail which is sacrificed by a macro-mapping approach reliant on the identification of real-world place-names. What happens to the use of fictional place-names which are not listed in the digital gazetteer? What happens to textual references to locatable geographical sites -villages, fells, lakes and so on -which are not explicitly named within the literary text?
The textual representation of space, place and landscape is much more 'slippery', to apply a term used by Sally Bushell in a recent article on critical literary cartography, than the quantitative, large-scale approaches would allow; and, as a result, the digital literary mapmaker needs to explore methodologies which endeavour to encapsulate this nebulous fluidity. 27 Ultimately, then, the 'Spatial Humanities: Texts, GIS, Places' project is moving towards a mode of digital literary cartography which seeks to explore the tensions between quantitative and qualitative approaches to texts by oscillating freely between different scales of macro-and micro-mapping and between a suite of geo-visualisation strategies.
Conclusions
The preparation of this paper has been informed by two interconnected ambitions: to offer a partial survey of the dynamic ways in which the use of GIS technology has influenced historical geographies; and to suggest some of the major possibilities and problems associated with the use of GIS in literary geography. To return to an issue articulated in the introduction to this paper, however, this initial, methodological work clearly needs to be substantiated with significant scholarly findings: these will undoubtedly emerge particularly from projects that are prepared to use collaborative and interdisciplinary approaches. These in turn will help to situate the practices and thinking facilitated by geographical technology within wider theoretical frameworks and critical debates.'
